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Alcohol  consumption  makes  a  large  contribution  to  premature  mortality.  In  order  to  extend  our  un¬ 
derstanding  of  the  characteristics,  circumstances,  toxicology  and  pathology  of  alcohol  toxicity  deaths,  all 
cases  presenting  to  the  Department  of  Forensic  Medicine  Sydney  between  1/1/1997—31/12/2011  with 
blood  alcohol  concentrations  (BACs)  >0.300  g/100  ml  and  where  the  direct  cause  of  death  was  acute 
alcohol  toxicity  were  retrieved  (n  =  83).  The  mean  age  was  47.2  yrs  and  77.1%  were  male.  The  majority 
(81.9%)  of  deaths  occurred  in  a  home  environment,  and  did  not  vary  across  month  or  day  of  the  week.  In 
91.6%  of  cases,  a  history  of  alcoholism  or  heavy  alcohol  consumption  was  reported.  None  were  in  any 
form  of  substance  dependence  treatment  at  the  time  of  death.  The  mean  BAC  was  0.420  g/100  ml  (range 
0.300-0.741  g/100  ml).  In  33.7%  of  cases,  other  substances  were  detected,  predominantly  diazepam 
(28.9%).  BACs  did  not  vary  significantly  by  gender,  age  or  BMI.  Urine/BAC  ratios  of  >1.25  were  seen  in  6/ 
43  cases  where  both  samples  were  available.  Cardiac  disease  was  noted  in  75.9%  of  cases  and  hepatic 
disease  in  91.6%.  The  only  alcohol-related  organic  brain  syndrome  pathology  identified  at  autopsy  was 
vermal  cerebellar  degeneration. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Alcohol  consumption  makes  a  large  contribution  to  premature 
mortality,  through  a  range  of  causes,  including  alcohol-related  dis¬ 
ease,  accidents,  homicide  and  suicide.  This  impact  is  consider¬ 
able,  with  national  increases  of  1  L  per  capita  alcohol  consumption 
having  been  associated  with  a  1%  increase  in  all-cause  mortality. 

One  of  the  major  causes  of  alcohol-related  death  is  acute  alcohol 
toxicity.  Alcohol  in  high  blood  alcohol  concentrations  (BACs)  in¬ 
duces  respiratory  depression,  and  death  due  to  acute  alcohol 
toxicity  is  the  predominant  form  of  mono-substance  toxicity 
death.  At  BACs  >0.300  g/100  ml  there  is  respiratory 

depression,  as  well  as  marked  impairment  of  perceptual,  cognitive 
and  motor  functions,  however  the  minimum  fatal  concentration  is 
generally  been  considered  to  be  >  0.400  g/100  ml.  Fatal 
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concentrations  will,  however  vary  markedly  with  the  tolerance  of 
the  individual.  Alcohol  dependence  is  also  associated  with  high 
levels  of  systemic  disease,  that  may  increase  physical  stress  and 
increase  the  likelihood  of  death.  Survival  has  been  reported 

in  cases  with  BACs  in  excess  of  1.00  g/100  ml,  and  death  where  the 
BAC  was  less  than  0.300  g/100  ml.  -1!— 16,2i,22 

In  earlier  work  we  reported  on  all  cases  of  sudden  or  unnatural 
deaths  presenting  to  the  Department  of  Forensic  Medicine  (DOFM) 
in  Sydney  with  a  BAC  >0.300  g/100  ml  that  occurred  between  1 
January  1997  and  31  December  2011.  The  current  study  specifically 
examined  fatal  cases  of  acute  alcohol  toxicity.  We  aimed  to  extend 
our  knowledge  of  fatal  acute  alcohol  toxicity  by  providing  a 
comprehensive  examination  of  the  characteristics  of  cases  (e.g. 
marital  status,  alcohol  problem  history),  quantitative  toxicology, 
the  circumstances  in  which  death  occurred  (location,  type  of 
beverage  involved),  and  the  prevalence  of  pre-existing  systemic 
disease.  Specifically,  the  study  aimed  to: 

1.  Determine  the  characteristics  and  toxicology  of  fatal  cases  of 
acute  alcohol  toxicity  with  a  BAC  >0.300  g/100  ml; 
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2.  Determine  circumstances  of  death  of  fatal  cases  of  acute  alcohol 
toxicity;  and 

3.  Determine  the  levels  of  systemic  disease  of  fatal  cases  of  acute 
alcohol  toxicity. 

2.  Methods 

2.2.  Case  identification 

Autopsy  reports  and  police  investigative  summaries  of  all  cases 
in  which  BACs  were  >0.300  g/100  ml  and  who  underwent  medi¬ 
colegal  autopsy  at  the  DOFM  in  Sydney  between  1  January  1997  and 
31  December  2011  were  retrieved.  The  current  study  examined 
those  cases  with  BACs  >0.300  g/100  ml  where  the  direct  cause  of 
death  was  deemed  solely  due  to  acute  alcohol  toxicity  by  the  au¬ 
topsy  pathologist.  Cases  where  death  was  directly  attributed  to 
chronic  alcoholism,  multiple  drug  toxicity  or  other  causes  of  death 
(e.g.  accidents)  were  excluded  from  this  study. 

The  DOFM  is  located  in  central  Sydney,  and  is  the  primary 
forensic  pathology  centre  in  New  South  Wales  (NSW),  conducting 
between  2000  and  2500  autopsies  per  year.  Permission  to  inspect 
the  files  was  received  from  the  Sydney  Local  Flealth  District  human 
research  ethics  committee.  All  cases  were  reviewed  by  the  authors. 

In  NSW  a  case  must  be  reported  to  the  Coroner  where  a  person 
dies  a  violent  or  unnatural  death.  The  majority  of  such  cases  un¬ 
dergo  a  standardised  forensic  autopsy,  with  examination  of  all 
major  organs  and  quantitative  toxicological  analysis.  Cause  of  death 
is  determined  by  the  forensic  pathologist  on  the  basis  of  circum¬ 
stances  of  death,  the  autopsy  findings  and  the  toxicological  ana¬ 
lyses.  Circumstances  of  death,  and  case  histories,  were  obtained 
from  accompanying  police  reports  to  the  Coroner. 

All  autopsy  blood  samples  were  taken  peripherally  (femoral  or 
subclavian  vessels).  Toxicological  data  were  reported  for  alcohol, 
cannabis  (determined  by  the  presence  of  A-9-THC),  opioids,  psy¬ 
chostimulants,  benzodiazepines,  antidepressants  and  antipsychotic 
medications.  In  cases  where  there  was  prolonged  hospitalisation 
prior  to  death,  antemortem  toxicology  taken  at  admission  was  re¬ 
ported,  and  drugs  administered  by  hospital  and  medical  staff 
excluded.  All  samples  were  screened  by  immunoassay  and  either 
by  gas  chromatography  or  high-performance  liquid  chromatog¬ 
raphy  (HPLC)  for  drugs  of  abuse  and  common  therapeutic  sub¬ 
stances.  Urine  and  vitreous  humor  alcohol  concentrations  were 
reported  where  these  analyses  were  conducted.  A  urine/blood  ratio 
of  greater  than  1.25  is  generally  viewed  as  indicative  of  the  person 
as  having  reached  the  post-absorptive  phase.  All  analyses 

were  conducted  by  the  Forensic  Toxicology  Laboratory  of  the  NSW 
Forensic  &  Analytical  Science  Service  (formerly  the  Division  of 
Analytical  Laboratories). 

2.2.  Statistical  analyses 

Where  distributions  were  highly  skewed,  median  values  and 
ranges  were  reported,  otherwise  mean  values  and  standard  de¬ 
viations  (SD)  were  presented.  For  bivariate  comparisons,  t- tests  or 
chi  square  were  used.  Pearson  product  moment  correlations  were 
used  to  examine  correlations  between  continuous  variables.  All 
analyses  were  conducted  using  IBM  SPSS  Statistics  20.0. 

3.  Results 

3.2.  Demographic  and  physical  characteristics 

A  total  of  263  cases  were  identified  with  a  BAC  >0.300  g / 
100  ml,  of  which  83  (31.6%)  had  death  attributed  to  acute  alcohol 


toxicity.  This  sub-group  of  83  cases  constituted  our  study  popu¬ 
lation.  The  mean  age  of  decedents  was  47.2  yrs  (SD  12.3,  range 
22-83  yrs)  and  77.1%  were  male.  A  minority  (20.5%)  were  married 
or  in  a  domestic  relationship,  and  25.3%  were  in  paid  employment. 
The  mean  BMI  was  27.0  kg/m2  (SD  5.4,  range  16.7-50.0  kg/m2).  A 
single  case  (1.2%)  was  underweight,  30.1%  were  overweight  and 
22.9%  were  obese. 


3.2.  Circumstances  of  death 

The  majority  of  deaths  (81.9%)  occurred  in  a  home  environment. 
Other  locations  were:  park  (4.8%),  hotel  (2.5%),  railway  station 
(2.4%),  car  (2.4%),  hospital  (2.4%)  and  public  toilet  (1.2%).  Cases  did 
not  significant  vary  across  month  (p  =  .64)  or  day  of  the  week 
(p  =  .17). 

In  91.6%  of  cases,  a  history  of  alcoholism  or  heavy  alcohol  con¬ 
sumption  was  reported,  with  no  gender  difference  (males  89.1%, 
females  100%,  p  =  .13).  In  a  single  case  death  followed  a  drinking 
contest.  None  were  in  any  form  of  substance  dependence  treatment 
at  the  time  of  death.  In  5  cases  (6.0%)  the  decedent  had  undergone 
detoxification  in  the  two  weeks  prior  to  death.  No  case  was  a 
suicide. 


Table  1 

Major  autopsy  findings  of  fatal  cases  of  acute  alcohol  toxicity. 


Pathology 

Males 

Females 

All  cases 

Comparisons 

(n  =  64)  % 

(n  =  19)% 

(n  =  83)% 

Cardiac 

79.7 

62.3 

75.9 

X2  =  2.2,  p  —  .14 

Cardiomegaly 

26.6 

15.8 

24.1 

Left  ventricular 

14.1 

15.8 

14.5 

hypertrophy 

Ventricle  dilation 

18.8 

5.3 

15.7 

Cardiomyopathy 

Fibrosis 

17.2 

5.3 

14.5 

Myocardial  fibrosis 

20.3 

31.6 

22.9 

Interstitial  fibrosis 

31.2 

15.8 

27.7 

Perivascular  fibrosis 

23.4 

26.3 

24.1 

Severe  atherosclerotic 

14.1 

5.3 

12.0 

occlusion  (>75%) 
Hepatic 

89.1 

100 

91.6 

X2  =  2.3,  p  =  .13 

Cirrhosis 

23.4 

22.1 

22.9 

Fibrosis 

(excluding  cirrhosis) 
Steatosis 

14.1 

33.6 

18.1 

Severe 

35.9 

42.1 

37.3 

Moderate 

21.9 

36.8 

25.3 

Mild 

17.2 

21.1 

18.1 

Hepatomegaly 

22.6 

15.8 

21.0 

Pulmonary 

29.7 

21.2 

27.7 

X2  =  0.5,  p  =  .46 

Emphysema 

9.4 

5.3 

8.4 

Asthma 

9.4 

5.3 

8.4 

Bronchopneumonia 

6.2 

0 

4.8 

Bronchitis 

3.1 

0 

2.4 

Pleural  fibrous 

7.8 

5.3 

7.2 

adhesions 

Sarcoidosis 

0.0 

10.5 

2.4 

Renal 

32.8 

36.8 

33.7 

X2  —  0.1,  p  —  .74 

Nephrosclerosis 

26.6 

36.8 

28.9 

Fibrosis 

14.1 

0 

10.8 

Cysts 

Pancreatic 

4.7 

5.3 

4.8 

Chronic  pancreatitis 

20.0 

10.5 

18.1 

X2  =  0.9,  p  =  .33 

Neurologic a 

17.2 

5.6 

14.6 

x2  =  1.5,p  =  .22 

Alcohol-related 

14.1 

5.6 

12.2 

cerebellar 

degeneration 

Alcohol-related 

3.2 

0 

2.4 

hippocampal  atrophy 
Alcohol-related 

1.6 

0 

2.4 

cortical  atrophy 

a  n  =  82.  One  female  case  not  examined. 
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The  type  of  alcohol  consumed  prior  to  death  was  described  in 
the  police  investigation  in  48  cases.  Spirits  were  reported  in  28  of 
these  cases,  so-called  “methylated  spirits”  (denatured  alcohol)  in 
11,  wine  in  9  and  beer  in  6. 


3.3.  Toxicology 

The  mean  BAC  was  0.416  g/100  ml  (SD  0.080,  range  0.300- 
0.741  g/100  ml).  At  the  lower  end  of  the  distribution,  19.3%  had 
BACs  between  0.300  and  0.349  g/100  ml.  BACs  in  excess  of  0.50  g / 
100  ml  were  seen  in  14.5%  of  cases.  There  were  no  differences  be¬ 
tween  males  and  female  BACs  (  0.416  vs.  0.415  g/100  ml,  tgi  =  0.06, 
p  =  .96).  Neither  age  (r  =  0.03,  p  =  .80)  nor  BMI  (r  =  -0.21,  p  =  .06) 
were  significantly  correlated  with  BAC. 

In  43  cases  urine  samples  were  also  analysed,  with  a  mean 
alcohol  concentration  of  0.485  g/100  ml  (SD  0.111,  range  0.243- 
0.793  g/100  ml).  There  were  no  differences  between  males  and 
females  urine  concentrations  (0.479  vs.  0.525  g/100  ml,  1 41  =  0.94, 
p  =  .35).  In  34/43  of  these  cases,  urine  alcohol  concentrations 
exceeded  BAC  and,  overall,  were  1.11  times  higher  than  mean  BAC 
(0.485  vs.  0.437  g/100  ml,  t. 42  =  4.3,  p  <  .001).  Urine/BAC  ratios  in 
excess  of  1.25  were  seen  in  6/43  cases. 

In  30  cases,  analyses  of  vitreous  humour  were  conducted,  with  a 
mean  alcohol  concentration  of  0.453  g/100  ml  (SD  0.088,  range 
0.314-0.715  g/100  ml),  with  no  difference  between  males  and  fe¬ 
males  concentrations  (0.430  vs.  0.452  g/100  ml,  t29  =  0.48,  p  =  .63). 
In  29/30  of  these  cases,  vitreous  humour  concentrations  exceeded 
BAC  and,  overall,  were  1.15  times  higher  than  mean  BAC  (0.453  vs. 
0.393  g/100  ml,  t29  =  6.0,  p  <  .001).  Vitreous  humour/BAC  ratios  in 
excess  of  1.25  were  seen  in  6/30  cases. 

In  33.7%  of  cases  other  substances  were  detected,  predomi¬ 
nantly  diazepam  (28.9%).  Antidepressants  were  present  in  6  cases 
(7.2%)  and  olanzapine  in  two.  Morphine  (0.05  mg/L)  was  detected 
in  a  single  case,  and  A-9-THC  in  a  single  case.  No  other  psycho¬ 
tropic  substances  were  detected.  There  was  no  significant  differ¬ 
ence  between  the  mean  BACs  of  alcohol  only  cases  and  those  in 
which  other  substances  were  present  (0.421  vs.  0.406  g/100  ml, 
p  =  .45). 


3.4.  Major  autopsy  Jindings 

Six  cases  tested  positive  for  hepatitis  C,  while  no  cases  were  HIV 
positive.  Ketoacidosis  was  diagnosed  in  three  males.  The  mean 
heart  weight  was  435.5  g  (SD  99.4,  range  200-694  g).  Cardiac 
disease  was  noted  in  75.9%  of  cases  (males  79.7%,  females  63.2%, 
p  =  .14),  most  commonly  cardiomegaly  (Table  1).  Ischaemic  heart 
disease  (indicated  by  severe  atherosclerotic  occlusion  and/or 
myocardial  scarring)  was  diagnosed  in  31.3%. 

The  mean  liver  weight  was  1966.8  g  (SD  579.8,  range  980- 
3900  g).  Hepatic  disease  was  present  in  91.6%  of  cases  (males  89.1%, 
females  100%,  p  =  .13),  most  commonly  severe  steatosis.  Chronic 
pancreatitis  was  noted  in  a  fifth  of  cases,  and  did  not  significantly 
differ  by  gender  (p  =  .33).  Pulmonary  disease  was  diagnosed  in 
27.7%  of  cases  (males  29.7%,  females  21.1%,  p  =  .46),  with  chronic 
lung  disease  (emphysema,  asthma)  present  in  16.8%.  Aspiration  of 
vomitus  was  noted  in  7  cases  (8.4%). 

Renal  disease  was  present  in  33.7%  of  cases  (males  32.8%,  fe¬ 
males  36.8%,  p  =  .74),  most  frequently  nephrosclerosis  (24  cases). 
Alcohol-related  neurologic  pathology  was  present  in  14.6%  of  cases, 
with  no  gender  difference  (males  17.2%,  females  5.6%,  p  =  .22).  The 
most  common  neurologic  presentation  was  vermal  cerebellar 
degeneration.  There  were  no  cases  of  Wernicke’s  encephalopathy 
or  other  forms  of  organic  brain  syndrome. 


4.  Discussion 

The  current  study  provided  novel  data  from  a  large  case  series 
on  of  the  demographic,  toxicological  and  pathological  character¬ 
istics  of  cases  of  alcohol  toxicity,  as  well  as  the  circumstances  in 
which  death  occurred.  Consistent  with  earlier  reports,  the 
typical  profile  in  this  series  was  a  single,  middle-aged  male,  not  in 
paid  employment,  with  a  long  history  of  heavy  drinking.  More 
broadly,  this  profile  is  similar  to  the  characteristics  of  cases  of 
toxicity  death  from  other  drugs,  such  as  the  opioids.  The 
absence  of  daily  or  monthly  variations  is  consistent  with  the 
profile  of  regular  heavy  drinking,  as  are  their  high  levels  of 
alcohol-related  disease.  Despite  this,  no  case  was  enrolled  in 
treatment  for  alcohol  dependence  at  the  time  of  death.  These  were 
not  young,  binge  drinkers,  and  only  a  single  case  involved  a 
drinking  contest.  Indeed,  only  a  single  case  was  aged  younger  than 
25  years.  Death  typically  occurred  at  home,  with  spirits  most 
frequently  implicated.  A  significant  minority  had  been  drinking 
denatured  alcohol. 

While  males  predominated,  as  they  do  in  all  forms  of  substances 
toxicity  deaths,  a  quarter  of  cases  were  female.  What  stands 
out  from  these  cases  is  their  similarity  to  their  male  counterparts. 
There  were  no  significant  gender  differences  in  their  alcohol  his¬ 
tories,  toxicology  or  level  of  disease.  While  female  toxicity  cases 
may  be  less  common  than  male  cases,  their  clinical  profile  is 
identical  to  that  of  the  more  frequently  seen  male  cases. 

The  mean  BAC  of  0.420  g/100  ml  cases  was  similar  to  those 
previously  in  other  studies,  and  is  a  concentration  generally 
considered  fatal.  12_lt  While  BACs  ranged  as  high  as  0.741  g / 
100  ml,  however,  one  in  five  cases  had  BACs  between  0.300  and 
0.349  g/100  ml.  Lower  alcohol  concentrations  are  frequently  seen 
in  cases  where  death  is  attributed  to  multiple  drug  toxicity 
involving  the  combined  effects  of  alcohol  and  other  central  ner¬ 
vous  system  depressants.  These  data  indicate  that,  in  the 
absence  of  any  significant  drug  interactions,  any  concentration  in 
excess  of  0.300  g/100  ml  may  be  indicative  of  a  toxicity  death,  even 
amongst  long-term,  and  presumably  highly  tolerant,  drinkers.  The 
lack  of  association  of  BAC  with  either  age  or  BMI,  despite  wide 
ranges  in  these  variables,  is  consistent  with  long-standing 
tolerance. 

Of  course,  we  do  not  know  the  peak  concentration  of  cases. 
Back  estimation  was  not  possible  as  there  were  no  witnesses  in 
many  cases  to  estimate  the  period  between  the  consumption  of 
the  final  drink  and  death.  The  ratios  of  BACs  to  both  urine  and 
vitreous  humour  concentrations  were,  however,  similar  to  those 
reported  previously.  Using  the  >1.25  urine/blood  ratio 

criterion,  the  overwhelming  majority  of  cases  where  both 

urine  and  blood  analyses  were  available  appeared  to  have  been  in 
the  absorptive  phase  of  alcohol  metabolism  at  the  time  of  death. 

The  health  of  decedents  generally  appears  to  have  been  very 
poor.  Alcohol-related  disease  was  highly  prevalent,  as  were  other 
forms  of  systemic  disease.  Not  surprisingly,  hepatic  disease  was 
almost  universal.  Cardiac  disease  was  also  present  in  the  majority  of 
cases,  in  all  probability  reflecting  at  least  in  part  the  long-term 
cardiotoxic  effects  of  alcohol  and  the  strong  association  between 
heavy  alcohol  consumption  and  smoking.  There  is  a  complex 
relationship  between  alcohol  consumption  and  heart  disease,  with 
coronary  artery  atherosclerotic  protective  effects  well  described  at 
low  levels  of  consumption,  but  high  levels  of  alcohol  consumption 
being  strongly  linked  with  a  range  of  cardiovascular  diseases, 
including  hypertension,  coronary  atherosclerosis,  congestive  heart 
failure  and  stroke.  There  is  also  a  strong  relationship  between 
excessive  alcohol  consumption  and  diabetes  mellitus,  and  in 
relation  to  this,  it  should  be  noted  that  over  half  were  overweight  or 
obese. 
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No  toxicological  testing  for  nicotine  or  its  metabolite  cotinine 
was  reported  in  these  autopsies.  We  are  therefore  unable  to 
comment  on  the  effects  of  smoking  on  cardiovascular  disease  in 
this  study  group,  although  we  expect  that  likely  there  were  high 
rates  of  smoking  in  this  study  population,  and  smoking  can  be 
expected  to  compound  the  adverse  health  effects  of  excessive 
alcohol  consumption. 

While  alcohol-related  neurologic  disease  was  present  in  a  sig¬ 
nificant  minority,  there  were  no  cases  of  Wernicke’s  encephalop¬ 
athy  or  Korsakoff  s  syndrome.  This  is  somewhat  surprising,  given 
the  high  prevalence  of  alcohol-related  disease,  and  may  reflect 
broader  changes  in  epidemiology.  Since  1991,  there  has  been 
mandatory  thiamine  fortification  of  Australian  bread,  and  the 
incidence  of  these  pathologies  has  declined  markedly. 

As  in  all  studies  caveats  need  to  be  considered.  Firstly,  care 
should  be  taken  in  extrapolating  to  other  alcohol  toxicity  cases,  as 
we  did  not  have  access  to  national  data.  The  demographic  charac¬ 
teristics,  however,  were  typical  of  studies  of  alcohol-related 
death.  A  strength  of  the  current  study,  however,  was  that  all 
analyses  were  conducted  by  the  same  laboratory,  with  full  autopsy 
and  police  reports  available.  Secondly,  in  all  studies  of  this  nature,  it 
is  possible  that  some  persons  dying  of  alcohol  toxicity  have  been 
mistakenly  issued  death  certificates  giving  natural  causes  of  death, 
and  not  have  been  reported  to  the  Coroner. 

In  summary,  the  typical  alcohol  toxicity  death  was  a  middle- 
aged  male  with  a  long  history  of  regular,  heavy  drinking,  and  sig¬ 
nificant  levels  of  systemic  disease.  While  less  frequent,  the  clinical 
profile  of  female  cases  was  identical  to  that  of  males.  Even  amongst 
alcohol  tolerant  individuals  with  long  histories  of  heavy  drinking, 
death  from  toxicity  may  occur  at  concentrations  of  0.300  g/100  ml. 
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